
World Applied Sciences Journal 23 (10): 1284-1290, 2013
ISSN 1818-4952
© IDOSI Publications, 2013
DOI: 10.5829/idosi.wasj.2013.23.10.13143

Corresponding Author: Noskova, Kemerovo Institute of Food Science and Technology, 
47 Stroiteley boulevard, 650056, Kemerovo, Russia.

1284

The Proteolytic Activity Research of the Lactic Acid 
Microorganisms of Different Taxonomic Groups

Alexander Prosekov, Olga Babich, Stanislav Asukhikh, 
Svetlana Noskova and Lyubov Dushlyuk

Kemerovo Institute of Food Science and Technology, Kemerovo, Russia

Submitted: Jun 19, 2013;    Accepted: Jul 17, 2013;    Published: Jul 28, 2013
Abstract:  The  properties  of  the proteolytic lactic microorganisms of different  taxonomic  groups
(Lactococcus, Lactobacillus and Leuconostoc) is studied in the presence of rennet in the cultural environment.
It is shown that when cultured on skim milk the studied strains Lactococcus lactis are capable of decomposing
the soluble proteins in the environment.The rennet presence in the culture environment leads to the proteolytic
activity increase  of the strains. We note the strains proteinase activity of the Lactococcus lactis subsp.
cremoris strains in relation to casein. The proteinase and peptidase activity Lactococcus lactis subsp. cremoris
increase under the influence of the rennet. We found the similarities proteolitical culture activity of
Lactobacillus  and  Lactococcus  lactis  subsp.  cremoris.  It  is concluded  that  Leuconostoc  strain  has a
low-peptidase activity. We characterized the proteinase-peptidase system of lactic acid microorganisms and
propose the  mechanism  of  casein molecule decomposition  by  lactic  acid  microorganisms in the presence
of rennet.

Key words:Lactic  acid  microorganisms   Proteolytic  activity  Strain  Rennet  Culture fluid  Protein
 Peptides  Amino acids  Population

INTRODUCTION The  intensity  and  focus of the enzymatic

After Russian Federation accession to the World has a direct effect on the taste and quality characteristics
Trade Organization (WTO) the food producers  have  new of cheese products [4]. Therefore, in the cheese
challenges  in  forming  an effective  competition  policy. production and maturation, along with milk-coagulating
It is clear that competition in the food industry, including preparation, an important role is played by lactic starter
cheese making, is based on either low prices or high bacteria, which convert lactose to lactic acid and their
quality of the products [1]. enzymes perform further hydrolysis  of  all  components

Problems of dairy products production and of the curd [5-9].
consumption  become  more  important  and depend on Most  of  the useful changes  occurring  in  milk
the general trends of the global food market. In practice, during production, storage and ripening of the curd are
the change  occur  in  the  dairy  business  development, connected with the species and strain composition,
which are determined by the processes of economic biochemical and biotechnological properties,
globalization, changes in social patterns of nutrition that physiological activity of certain culture and combinations
affect the structure of the agricultural and food markets, of lactic acid bacteria belonging to the starter microflora.
increasing level of information and technology support, In particular, lactic acid bacteria transform the main milk
environmental  degradation and the achievements of components to flavor, aroma and biologically active
world science in this field [2]. substances of the curd. Lactic acid bacteria are involved

Cheese-making - is a long and complex process that in the consistence, structure and pattern formation of
takes  place under  the influence of various factors [3]. cheese to inhibit the growth, reproduction and metabolism
The primary reaction of milk casein coagulation by the of  microorganisms  which are  harmful  for  product
action of rennet (chymosin) is the basis of this process. quality  and  dangerous  to  life  and  health of consumers.

transformations  of   all  the  components   of   the  curd



World Appl. Sci. J., 23 (10): 1284-1290, 2013

1285

Therefore, one of the most relevant area of scientific and The activity of cultures acid formation was
practical research is the improvement of existing and determined by titratable acidity after 24 hours and 7 days
creation of new competitive bacterial concentration and of  culture  on  a  sterile  skim milk according to GOST
methods for their use in the cheese manufacture. 3624-92.

Lactic acid bacteria are isolated from different The proteolytic activity of lactic acid microorganisms
sources: self-souring dairy products, parts of plants, in were determined with the soluble protein, peptides and
particular flowers and from the surface of berries, amino acids accumulation after proteolysis products
vegetables and fruit. Through a directional selection of fractionating [10, 11].
microorganisms, as well as using special methods of The protein content was determined on the analyzer
selection,  it  is  possible  to  obtain strains of  bacteria of total nitrogen (protein) "Rapid N Cube" (Germany),
that  have  special  complex  biotechnological properties. operating according to Dum`s method. The method is
It allows you to design and create new products with based on the sample combustion with the total nitrogen
directional composition of the microflora. check in thermal conductivity detector.

Strains of lactic acid bacteria isolated from natural Determination of amino acids mass fraction in the
sources differ in the properties stability. Some strains hydrolyzate was carried out using the automatic amino
retain biochemical  activity, in others  it  falls  suddenly acid  analyzer  Aracus  PMA GmbH.  The  method
and  irreversibly,   the   third   varies  markedly. principle includes the separation of amino acids from the
Considered valuable strains, long lasting biochemical step-gradient pH and post column derivatization with
activity, depends not only on external factors ninhydrin.
(composition of culture medium, in particular milk, The mass fraction of the peptides was assessed by
temperature, etc.) but also on the ratio between the protein electrophoresis of Laemmli method. For protein
biochemically active and inactive cells in populations of separation  we  used  denaturing  polyacrylamide  gel
microorganisms  that  defines  culture viability, its (12% separating and 4% focusing) with 0.1% sodium
practical value. dodecyl sulfate. Electrophoresis was performed on a

Some strains retain biochemical activity, in others it single electrode  buffer  supplemented with 0.1% SDS at
falls suddenly and irreversibly, in the third varies 15 mA. The gel was stained with 0.2% Coomassie R250
markedly. Strains are valuable if they have long lasting (prepared in glacial acetic acid) at elevated temperature for
biochemical activity, that depends not only on external 7-10 minutes, then washed three times with distilled water.
factors (culture environment composition of milk, Gels    photographing       were       performed     on
temperature, in particular) but also on the ratio between UV-transilluminator TCP-20M ("Vilber Lourmat", USA)
the biochemically active and inactive cells in with  an  emission  wavelength  of 312 nm. Preservation
microorganisms populations that defines culture viability, and processing of the data was carried out by gel
its practical value. documenting system Vitran-Photo.

At present there is no recognized method for
evaluating the properties and activities  of  lactic  acid The Body: Considering that proteolytic activity
bacteria multienzyme complex, especially mesophilic demonstraion depends on the total number of cells
microorganisms used in cheese production. accumulated by the cultures in the researched

Purpose-to study the proteolytic activity of environment we attempted to select strains accumulating
microorganisms lactic  cultures of  different  species on close quantity of cell mass from the researched lactic acid
the fat-free milk and milk with rennet. microorganisms cultures. We studied 4 groups of lactic

MATERIALS AND METHODS subsp. cremoris, Lactobacillus and Leuconostoc.
In the study of the proteolytic activity of

The objects of the study were 37 strains of lactic acid Lactococcus lactis cultures on skim milk and milk with
microorganisms provided by NCIM FSUE "Institute of rennet (Table 1) the following regularities are revealed.
Genetics" (http://www.genetika.ru/vkpm), belonging to When cultured on skim milk, all examined strains Lc.
the type Lactococcus, Lactobacillus and Leuconostoc. lactis  are  able  to  decompose  soluble  proteins  existing

In the experiments we used the rennet, produced by in  the  environment.  The  loss  of  soluble  protein
PC "Moscow rennet factory" with activity of 1000 u/ y. during   10   days   of   cultivation   was  between  5.0  and

microorganisms: Lactococcus lactis, Lactococcus lactis
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Table 1: The proteolytic activity of the strains Lactococcus lactis

The growth of the soluble nitrogen compounds fraction, mg/100 cm3

---------------------------------------------------------------------------------------------------------------------------------------
Milk with culture Milk with culture + rennet
-------------------------------------------------------------------- -------------------------------------------------------------

Strain Proteins Peptides Amino acids Proteins Peptides Amino acids

1 2 3 4 5 6 7

\Streptococcus lactis subsp.acetoinicus
B 4462 -236,0 165,0 7,6 218,0 47,0 3,6
Lactococcus lactis
B 5742 -5,0 84,0 0,1 6,0 85,0 4,5
Lactococcus lactis 
B 5751 -167,0 52,0 3,6 909,0 9,0 5,0
Lactococcus lactis 
B 5898 -269,0 104,0 6,5 167,0 52,0 3,6
Lactococcus lactis 
B 5913 -60,0 40,0 3,3 280,0 50,0 3,6
Lactococcus lactis 
B 5946 -250,0 235,0 4,9 98,0 375,0 6,3
Lactococcus lactis 
B 6506 -123,0 79,0 5,7 47,0 398,0 8,7
Lactococcus lactis 
B 6510 -115,0 118,0 9,1 36,0 233,0 11,3
Lactococcus lactis 
B 6522 -53,0 91,0 8,7 73,0 168,0 9,1
Lactococcus lactis 
B 7326 -176,0 119,0 6,4 115,0 320,0 7,9
Lactococcus lactis 
B 8546 -103,0 110,0 5,9 176,0 463,0 6,3
Lactococcus lactis 
B 9229 -174,0 135,0 3,7 287,0 503,0 11,5

Fig. 1: The development of the population Lc. lactis B 5898 in a sterile milk with chalk

269.0 mg/100 cm3.  The  strains Lc. lactis  B  5742,  Lc. content  in  the  culture  environment  was  at  the  level
lactis  B 6522, Lc.  lactis  B 5913 have the  lowest of 0,1-9,1 mg/100 cm3.
proteinase activity. The decrease of soluble proteins in When considering the population Lc. lactis evolution
their culture environment ranged from 5.0 to 60.0 mg/100 in skim milk  (Fig.  1)  by  the  example of the strain Lc.
cm3. In all the experiments   peptides  increase is lactis B 5898 we can assume that during the first 2-3
mentioned. It depends on the strain and ranges from 52.0 generations lactic acid bacteria population absorbs
to 235.0 mg/100 cm3. The increase of free amino acids necessary  amino acids and optionally di- and tri- peptides
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from milk for constructive exchange. Peptides are intracellular proteolytic enzymes is not only to provide
absorbed from the culture medium after five generations cells  with available organic  nitrogen forms, but also in
in the logarithmic growth phase. During this period, the the modification and degradation of cells protein
population is able to decompose the protein compounds components.
of milk. The proteolytic activity of Lactococcus lactis subsp.

The direction of the milk protein attack depends on cremoris (Table 2) has the distinctive features compared
the action of living cells proteases and on the proteolytic with Lc. lactis. When cultivating on skim milk with chalk
cell enzymes complex which was exposed to autolysis. some strains had distinct proteinase activity against
With increasing of cultivation time milk proteins will casein.
exposed to all proteinase-peptidase complex effect In the culture media of such strains as Lc. lactis
autolyzed population cell mass. subsp. cremoris B 2070, Lc. lactis subsp. cremoris B 3390,

The different situation is observed in the evaluation Lc. lactis subsp. cremoris B 2276 and Lc. lactis subsp.
of Lc. lactis proteolytic properties in the presence of cremoris B 1579 we marked severe attack by casein
rennet. In all studied strains, without exception, there was substrate with formation of soluble protein compounds,
soluble proteins increase in the culture medium  by  casein whose growth ranged from 127.0 to 185.0 mg/100 cm3.
decomposition. The soluble proteins increase among Moreover, all these strains except Lc. lactis subsp.
studied strains ranged over a wide range. For example, for cremoris B 3390 intensively utilized peptide fraction of
strain Lc. lactis B 5742 it was only 6.0 mg/100 cm3 and for culture medium soluble nitrogenous compounds.
strain Lc. lactis B 5751, which strongly reacted to the Other strains Lc. lactis subsp. cremoris with
presence of rennet, was 909.0 mg/100 cm3. Similar strains proteolytic processes nature in sterile milk with chalk did
heterogeneity observed in the peptides accumulation not differ from cultures Lc. lactis and hydrolyzed soluble
which  increase   interval   for   the   studied  strains milk proteins with peptides and amino acids formation.
ranged from 9.0 to 503 mg/100 cm3. Strains Lc. lactis B Proteinase and peptidase activity of Lc. lactis subsp.
8546 and Lc. lactis B 9229 mostly reacted to the rennet cremoris sharply increased under the influence of rennet.
presence. However, the increased of amino acid content All strains except Lc. lactis subsp. cremoris B 3390 had
was slight. the ability of casein decomposition with soluble protein

Table 1 shows that cultures Lc. lactis preferably formation. The strain Lc. lactis subsp. cremoris B 3390
attack    protein     molecules      pre-hydrolyzed    with under the influence of  rennet reduced the accumulation
milk-protease   preparations   and  in  the  absence of in the medium their hydrolysis products-peptides and
such fragments other substrates are exposed to the amino acids. Other strains of Lc. lactis subsp. cremoris
decomposition that are available for these strains significantly increased the accumulation of peptides and
proteases. amino acids by the joint action of the enzyme and

This fact is confirmed  by the other researchers proteinase-peptidase culture systems. High heterogeneity
results who found that in the presence of rennet lactic of strains remain in the accumulation of certain
acid bacteria hydrolyze in milk protein fragments proteolysis products in the culture medium.
generated by its effect on casein, however, it can Lactobacillus proteolytic activity (Table 3) did not
selectively attack the individual casein subunits. differ much from the activity of Lc. lactis and Lc. lactis

Thus  individual   species   protease    attack   easily subsp. cremoris. One of the studied strains L. acidophilus
-casein, other-  -casein and the third- -casein [12, 13]. B 194 was able to hydrolyze casein molecules to form a

Therefore, hydrolysis of milk protein components, soluble  protein and enhanced this ability under the
exposed and unexposed to limited proteolysis by rennet, rennet influence, although it reduced twice the ability to
is the result of effect of enzymes complex belonging to the accumulate free amino acids.
peptidase-proteinase Lc. lactis system. Another  strain   L.  delbrueckii  subsp.  bulgaricus

Thus, proteolytic enzyme found in lactic acid B 3964 under the joint action with rennet reduced greatly
bacteria, allow attacking a wide spectrum of proteins, its peptidase activity, while remaining high proteinase
polypeptides and peptides. Moreover, the absence of activity. At  the same time the rennet action had little
apparent specificity which  lactic acid bacteria have to effect on the ability of strain L. casei B 2873 to hydrolyze
milk  proteins  and  their  products  of  degradation by milk casein and to increased the peptides and free amino
milk-products proteases is due to the fact that the role of acids accumulation in the culture medium.
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Table 2: The proteolytic activity of the strains Lactococcus lactis subsp. cremoris
The growth of the soluble nitrogen compounds fraction, mg/100 cm3

-------------------------------------------------------------------------------------------------------------------------------------
Milk with cultures Milk with cultures + rennet
------------------------------------------------------------- -------------------------------------------------------------

Strain Proteins Peptides Amin acids Proteins Peptides Amino acids
1 2 3 4 5 6 7
Lactococcus lactis subsp. cremoris 
B 1569 -98,0 67,0 4,7 183,0 381,0 8,7
Lactococcus lactis subsp. cremoris 
B 1579 185,0 -15,0 3,9 255,0 308,0 9,7
Lactococcus lactis subsp. cremoris 
B 2016 -105,0 127,0 3,17 265,0 290,0 5,4
Lactococcus lactis subsp. cremoris 
B 2070 127,0 -31,0 3,5 198,0 312,0 4,1

Lactococcus lactis subsp. cremoris 
B 2276 167,0 -15,0 1,3 268,0 155,0 7,6
Lactococcus lactis subsp. cremoris 
B 3390 151,0 56,0 -1,29 127,0 245,0 7,2
Lactococcus lactis subsp. cremoris 
B 3963 -89,0 7,0 5,8 221,0 125,0 5,8
Lactococcus lactis subsp. cremoris 
B 5597 -24,0 147,0 5,3 224,0 250,0 5,2
Lactococcus lactis subsp. cremoris 
B 6498 -152,0 127,0 5,2 24,0 224,0 7,5
Lactococcus lactis subsp. cremoris 
B 8596 -9,0 94,0 6,7 86,0 210,0 6,7

Table 3: The proteolytic activity of the strains Lactobacillus
The growth of the soluble nitrogen compounds fraction, mg/100 cm3

--------------------------------------------------------------------------------------------------------------------------------------
Milk with culture Milk with culture + rennet
-------------------------------------------------------------------- -----------------------------------------------------------

Strains Proteins Peptides Amino acids Proteins Peptides Amno acids
Lactobacillus acidophilus B 194 -14,0 84,0 2,3 71,0 184,0 6,8
Lactobacillus acidophilus B 6546 37,0 115,0 6,6 226,0 203,0 3,2
Lactobacillus delbrueckii B 10904 -110,0 162,0 4,0 275,0 153,0 0,7
Lactobacillus delbrueckii 
subsp.bulgaricus B 3964 -20,0 58,0 3,6 194,0 200,0 -4,9
Lactobacillus casei B 2873 17,0 106,0 4,3 49,0 292,0 6,6
Lactobacillus casei B 8099 -17,0 139,0 4,1 266,0 269,0 7,2
Lactobacillus brevis B 4171 -5,0 168,0 2,8 274,0 245,0 5,2
Lactobacillus helveticus B 2891 -104,0 132,0 -4,3 115,0 169,0 2,8
Lactobacillus plantarum B 3242 -205,0 139,0 8,3 183,0 207,0 5,5
Lactobacillus sakei B 8896 -105,0 90,0 5,8 119,0 208,0 6,3

Other strains studied in terms of its proteolytic Table 4 shows that Leuconostoc cultures have very
activity and its heterogeneity were close to Lc. lactis and low peptidase activity. The quantity of free amino acids
Lc. lactis subsp. cremoris. increase in the medium during 10 days of cultivation did

Leuconostoc cultures (Table 4) are weak acidifiers. Ln.  mesenteroides  subsp. cremoris B 6243, while for

The most of studied Leuconostoc strains was able to mesenteroides subsp.  dextranicum B 2274 the amino
increase number of soluble protein and reduce number of acids decline was marked. Most of this species strains
peptides in the skim milk with chalk. expressed   reactions    with    rennet     in     the    soluble

not  exceed 1.7 mg/100 cm 3 for   the  most  active strain

other strains such as Ln. lactis B 8597 and Ln.
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Fig. 2: Characteristics of the proteinase-peptidase system of the lactic acid microorganisms

proteins number increase, less to peptides and amino CONCLUSION
acids.  Ln.  mesenteroides  subsp.  dextranicum B 5481,
Ln.  mesenteroides   subsp.   dextranicum   B  2274  and We studied proteolytic activity of lactic acid
Ln. mesenteroides subsp. mesenteroides B 8404 strains microorganisms of different taxonomic groups
increased their peptidase activity and Ln. lactis B 8597 (Lactococcus, Lactobacillus and Leuconostoc) on skim
and Ln. mesenteroides subsp. cremoris B 6243 strains milk and milk with rennet. It is shown that when cultivated
reduced. Among the studied strains of Leuconostoc on skim milk all twelve of the strains Lactococcus lactis
heterogeneity of proteinase-peptidase system is also are able to decompose soluble proteins existing in the
observed. environment.  It  is  found that the  rennet  presence in

To characterize the proteinase-peptidase system of the culture medium leads to an increase of soluble
lactic microorganisms used in cheese-making we proteins and peptides and slight increase of amino acids.
calculated average indexes of nitrogen compounds We   marked    Proteinase    activity   of  Lactococcus
accumulated when  cultivating in the skim milk with a lactis  subsp.  cremoris ten strains in relation to casein.
chalk and rennet (Fig. 2). The increase of Lactococcus lactis subsp. cremoris

Lactic  acid  microorganisms  are  able to  attack proteinase and peptidase activity is realized under the
casein subunits in the presence of rennet. As a result, influence of rennet. We determined similarities between
macromolecular    products   of   decomposition proteolitic  activity   of   Lactobacillus,  Lactococcus
accumulate  in  the  culture  medium.  It   is  soluble lactis  cultures  and  Lactococcus   lactis  subsp.
proteins   that   attacked   by   intracellular  and cremoris. We drew a conclusion about low-peptidase
extracellular  proteases  to  form  a  large  number of activity of Leuconostoc strains and characterized
peptides.  However,  lactic  acid  microorganisms  have proteinase-peptidase system of lactic acid
less expressed peptidase activity. Therefore, they can microorganisms.
accumulate only little number of amino acids in the culture
medium. Summary: We studied the effect of  rennet presence in

These data show that all studied microorganism the culture fluid on proteinase and peptidase activity of
cultures   apparently   has   proteinase   localized   in  the lactic acid microorganisms four groups: Lactococcus
cell  wall,  which  allows  to  obtain  peptides  which  is lactis, Lactococcus lactis subsp. cremoris, Lactobacillus
capable  of  achieving  the  cytoplasmic   membrane   at and Leuconostoc. We determined the tendency of studied
one  of  the  proteolysis  stage.  At  another  stage, cultures proteolytic activity increase in the presence of
probably, peptidase localized at the cytoplasmic chymosin in an environment with skim milk. We calculated
membrane  provide  protein  hydrolysis  into  small average indexes of nitrogen compounds accumulated in
peptides  capable  penetrate  with   the   help of the  cultivation  of  lactic acid  microorganisms  in skim
permeases    and     intracellular     peptidases     realize milk with chalk and rennet. We propose the mechanism of
final  hydrolysis  of low molecular peptides to amino the casein molecule decomposition by lactic acid
acids. microorganisms in the presence of rennet.
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